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COMP/iEISON BETWEEN THE MEAFUESD AND THEOEETICAL 
SPAN LOADINGS ON A MODERATELY S'.'rSrT-FOR¥x3ED 
AND A MODERATELY SWEPT-BAOK SEMISPAN WT:NG 
By RoDort A. Mendelsolm and Jack D. Brewer 

SIMViRY 


An investigation has "been conducted, in the Langley statiJ-ity 
timnel on two semispon swept— wing mod.el s - one swept f orvrard 12^ 
end the other swept hack 83'^ at t.hs quarter-chord line — in oi’der 
to determine experimentally the span-rloa.d diatrihutions and to 
compare the experimental with theoretical reaxilts. In addition, .lift, 
pitching moment, and stalling characteristics were determined. 

In order to check the validity of the semispan tests, the full— span 
swept— hack wing from which the semi span model was made was first 
tested in the Langley propo Ho r-re search tiuiuol. A comparison 
between span loadings obtained from the data of the two wind tunnels 
8.nd those calcul.ated by lifting— line and lifting— sm’f ace theory 
Indicated that differences between the resul-ts from the two wind 
tunnels, though small, wero as great as the differences between 
the results from tho ^i:ftinf^-line and lifting— surface ca.lculations. 

The theoretical curares approximated the experimental curves within 
the accuracy necessary for engineering calculations, 

Tho experimental results indicated that a small loss in load, 
presumably caused by the trmncl— wall boundary layer, occurred near 
the root for both semispan wings. Because of this loss in load and 
because of distortions in the chordwlse loading near the root, semispan 
tests of highly swept wings ma,y give errors in pitching moment. The 
aerodynamic centers of both semispan wings wex’e found to move forward 
at high lift coefficients, A tailless swept— wing airplane, similar 
to the wing used for these tests, may therefore become longitixdinally 
unstable at high lift coefficients, Proflle~-d.rag measurements 
indicated an appreciable outflow of the bounda.ry layer on tho swept— 
back wing. 
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INTRODUCTION 


A great amount of work has been done to determine span-loading 
characteristics of swept wings from purely theoretical considerations, 
and many computation methods are now available, some based on lifting- 
line theory and some based on lifting— surface theory. These methods 
give the span loading to various degrees of accuracy, depending on 
the assumptions made, which in turn govern the amount of labor 
expended to obtain a solution. The purpose of this investigation was, 
therefore, to compare theoretical span-loading results with measured 
values to determine the practicability of using the simpler computation 
methods on wings having moderate amounts of sweep. 

Teats were conducted in the o- by t^j-foct section of the Langley 
stability tunnel on two models — a semispan wing swept foi’ward 
12® and a semi span wing swept back 23 ® — in order to detenniiie 
span loading, lift, drag, pitching moment, and stal.ling charac- 
teristics. The semispan swept-back wing was the left panel of a 
full— span swept-back wing that had previously been tested in the 
Langley propeller— research tunnel. (See appendix.) The tests 
described in the appendix were conducted on the swept-back wing alone 
and on the same wing with a center plate and spoiler v:hlch simulated 
the boundary layer on the tunnel wall for the semispan tests. The 
purpose of the full— span testa was to determine the effect of the 
tunnel— wall boundary layer on the span loading of the semispan model. 
The spanwise variation of profile drag was also determined in the 
full— span tests. Data from the tests descr?Lbed in the appendix are 
included herein for comparison. 

The test models had no elevens but, by integration of pressures, 
generalized curves of the variation of hinge— moment coefficient with 
angle of attack were calculated for several assumed eleven plan forms. 


SYIvffiOLS 


The coefficients and symbols used are defined as follows: 
Cl wing lift coefficient (L/qS) 

c^ lift coefficient at a section (l/qc) 

Ci^ additional lift coefficient at a section 

c^-jj basic lift coefficient at a section ^l = 
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"do 

Cm 

Cm 

«h 


Ch 

"ha 

P 

Pa 

AP/^ 


L 

1 

D 

d 

M 

m 

S 

y 

yi 


wing drag coefficient (P/qS) 
profile-drag coefficient at a section (d/qc) 
wing pitching-moment coefficient (M/qCc*) 
pitching— moment coefficient at a section (m/qc^) 


eleven hin,ge-moment coefficient at a section 




eleven hinge-^aoment coefficient 


_ 1 _ 


yo 


Ca'^Ch dy 


\?a"'^a “ yi 

rate of change of eleven hinge— moment coefficient with 
angle of attack 


pressure coefficient 


4"Lli!o^ 

V ■ 7 


rate of change of pressure coefficient with angle of 
attack (Sp/ca) 

pressure-coefficient increment i'eoultlng from an 
angle-of-attack change from 0 ° divided by the 
angle— of —attack change 

wing lift 

lift at a section 

wing drag 

profile drag at a section 
wing pitching moment about c /4 
pitching moment about c /4 at a section 
wing area 

spanwise distance normal to plane of symmetry 

spanwica distance from plane of symmetry to Inboard 
end of eleven 
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yo 

b 

X 


c 

Cs 

°a 

<1 

P 

Po 

V 

P 
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spanwise distance from plane of S 3 mimetry to outboard 
end of elevon 

wing span normal to plane of symmetry 

elevon span normal to plane of symmetry 

distance from leading edge along chord line 

distance from leading edge of wing to chord line of 
assumed elevon hinge axis 

local wing chord parallel to plane of symmetry 

mean aerodynamic wing chord 

wing root chord 

local chord of assumed elevon parallel to plane of 
symmetry 

root-meai>-8quare chord of assumed elevon 

free— stream dynamic pressmre 

local static pressure 

free— stream static pressure 

free— stream velocity 

density of air 

angle of attack, measured at root section 


APPAEATUS AMD METHODS 


. Models 

Two semispan tapered wing models were used for the tests, one 
having 12° sweepforward of the quarter— chord line with no geometric 
twist and the other having 23 ° sweepback of the quarter-chord line 
with —4*^ unifoi"m geometric twist. Both models were constructed of 
laminated mahogany and had 25 pressure orifices spaced at constant 
percentages of tiia local chord for each of nine spanwise stations. 


5 


NACA TIT No.. I35I 


(See fig. 1.) The swept— back wing is the left panel of the model used 
for the tests described in the appendix, except that an additional row 
of orlfic'es was installed 1 inch from the root section, and the model 
was completely refinishod. 

Some geometric constants for the models are: 


Swept-forward wing Swept-back wing 


Area of full— span wing, sq ft • . . . , 

Wing span, ft (full span) 

Mean aerodynamic chord, ft ...... 

Aspect ratio . , . 

Taper ratio 

Sweep of quartei^chord line, deg . . . 
Uniform geometric twist (washout)# deg 
Root airfoil section ......... 

Tip airfoil section . . . . 


16.72 

10.10 

1.81 

6.10 

0.327 

-12 

0 

NACA 4k 15 
NACA 4412 


13.55 

10.10 

1.5l 

T.5I 

0.243 

.23 

4 

NACA 44l8 
NACA 44l8 


Installation and Tests 

Each model was mounted horizontally (with zero dihedral) on the 
side support of the tunnel balance frame, completely free from the 
tunnel wall except for a flexible seal used to prevent flow through 
the gap between the tunnel wall and the wing support block. (See fig. 2. ) 

In order to allow movement of the part of the wing that extended 
beyond the tunnel disk, the swept— fon/ard wing had a gap of approximately 
~ inch left unsealed between the tunnel wall and the root section behind 

the 67— percent— chord point. For the swept— back wing, a similar gap was 
left unsealed forward of the 17-percent-chord 'point . Check tests were 
made on the swept-back wing to determine whether the fabric seal and 
open gap affected the loading near the root section. For these tests, 
plasteline was used to seal all gaps and to continue the wing contour 
to the tunnel wall. 

Because the wings were expected to deflect under load, a determina- 
tion of the wing twist was nitids. For the Swept-forward wing, the twist 
was calculated by a method using the measured span loading and the known 
wing rigidity as determined from static tests. For the swept-back wing, 
the spanwise variation of twist of the wing under. load was determined 
by measuring the displacement of beams of light reflected from mirrors 
mounted on the wing. 

Span— loading, force, and tuft tests were made for this investi- 
gation at a dynamic pressure of 98.3 pounds per square foot for angles 
of attack up to and including 9°# and at a dynamic pressure of 39.7 
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pounds per square foot for angles of attack from 9° through the stall. 
These dynamic pressures correspond to airspeeds of I96 miles per hour 
and 124.6 miles per hour, respectively, under standard sea— level 
atmospheric conditions. For the same speeds, Reynolds numhers for the 
swept— forward wing, based on the mean aerodynamic chord of the model, 
were 3«31 X 10^ and 2,10 x iO'^ and Reynolds numbers for the swept-back 
wing, based on the mean aerodynamic chord of the model, were 2.77 x 10^ 

and 1.76 X 10^. Wo turbulence factor was used in the calculation of 
Reynolds numbers because the tiorbulence level in the stability tunnel 
is very low. 


CORRECTIOWS 


The force and moment coefficients and the angle of attack were 
corrected for the effects of the tunnel Jet boundaries by the general 
method given in reference 1. In addition, corrections were applied 
to the angle of attack for model deflections. Because the angle— of— 
attack correction for Jet boundaries and model twist varied along the 
span, the coefficients at each section were corrected for conditions 
at each section. For the force tests of the wing, the angle of attack 
was corrected by an average value, weighted according to the chord. 

The angles of attack shown on the pressure-distribution plots are the 
average wing angles of attack, because the pressure distributions are 
presented as measured and are for the nonrigid models. Wo correotions 
were applied for the effects of the tunnel— wall boundary layer or for 
the clearance gape between the root section and the tunnel wall. 

The equations used in correcting the force data for Jet boundary 
and model deflections were; 


Swept— forward wing; 

a = tty + 1.717CLy - 0.02; q = 39-7 Ib/sq ft 
a = oy + 1.863Cyy — 0.05; q = 98*3 Ib/sq ft 

" ^By 

Cm = Cmy + 0.0013CLy 
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Swept-tack wing: 


a = Oy + 1.132CLy - 0.02; g = 39-7 ft 

a = ay + 0.923 Cl^ - 0.04; g = 98.3 It/sg- ft 

Cl = % 

Cd = Ci)y + 0.0173Cy^^ 



where the subscript U denotes uncorrected values. 

The maximum twist correction near the tip at a dynamic pressure 
of 98.3 pounds per sguare foot and at an angle of attack of 9° was 
0 . 54 ° for the swept— forward wing and 0.77° f°^ the swept— hack wing. 


Pressure distributions .— The measured section pressiu’e distri- 
butions are presented in figures 3 s*^d 4. In order to obtain a better 
estimate of the pressure distributions corresponding to a rigid wing 
in free air, cross plots of pressure coefficients at several chordwise 
locations for each spanwise station were made against corrected angle 
of attack. From these plots, the parameters Pa and AP/Aa were 
determined. (See figs. 5 atid 6.) These pressure distributions deviate 
slightly from free— air conditions since, although the chordv;ise load 
was corrected for the effect of Jet boundaries, there was no correction 
for the distortion in the load caused by induced camber. Except for 
this approximation, free— air pressure distributions can be estimated 
from figures 5 siid 6 for angles of attack up to 12° by the following 
relations; 


Span loading.- The pressure distributions at each section were 
integrated to obtain noimal-force coefficients, chord— force coefficients, 
and pitching-moment coefficients. The lift coefficients at each section 
were calculated and, together with the pitching-moment coefficients at 
each section, are plotted against corrected angle of attack in 
figures 7 and 8 . 


PEESENTATION OF RESULTS 


P = a(Pj + P(o^o) 


or 
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Loading diagrams corresponding to a rigid wing in free air were 
obtained by cross— plotting the lift curves at ea.ch section at constant 
angles of attack. (See fig. 9.) 

The parameter representing the rate nf change of additional 
loading with lift coefficient obtained from a plot 

of cc^ jc^ against Cj^. Figure 10 shows this additional loading 

and the basic (or zero lift) loading. For the linear range of lift 
coefficient up to Cj^ = 0.8, the total loading on either wing may be 
obtained by the equation 

CC, CC7, cc, 

-1 = ^ -ia 

CtC~ 


The basic and additional loads for the swept— back wing^ as deter- 
mined from the Langley stability and propeller— research tunnels, are 
compared in figure 10(b) . Included in this figure are theoretical 
basic and additional loadings computed by the lifting-line theories 
described in references 2 arid 3, respective.ly, neither of which 
accounts for sweep, and also an additional loading computed by the 
lifting— surface theory described in reference ^4-, which takes sweep 
into account. 

Elevon charac terlstfcs The eleven hinge-moment coefficient at 
each section Cj^ was computed by integration of the measured pressures. 

The values of cj^ were then plotted agcainst spanwise location and 
iiitegrated to determine for two typical elevons. The constant- 

chord elevon (c^ = 0.l68c) extends from the 35*^pc^cent section 
to the 71-percent section. On the swept-back model j this eleven 
closely resembles that currently used on a tailless airplane. The 
constant— percentage— chord elevon (c^ = 0,200c) extends from the 

40-percent-sp.an section to the tip. (See fig. 11.) The eleven hinge- 
moment parameter was determined for various elevon spans and 

locations (see fig. 12) by appropriately integrating the P^-curves 
(figs. 5 and 6). ^ 

Force testa .— Force and moment-coefficient data from the wind- 
tunnel balance readings are given in figure I3 for the swept-back and 
swept- forwai’d wings. The data are plotted against corrected angle of 
attack. 

Profile-drag c hara cteristics .- The spanwise variation of section 
profile-drag coefficient for the "swept-back wing, measured in the 
Langley propeller-re search-tunnel tests (see appendix), is shown in 
figure Ik. 
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St all patterns .— The flow conditions over the wing at various 
angles of attach are shown hy figure 15 . The stall patterns were 
determined from photographs of tufts attached to the upper surface of 
the wings. 


DISCUSSION 


Pressure distributi on.— The pressure distrihutions of figure h 
show irregular results the original tests of sections H and I 
for the swept— hack wing. After the tests had been completed, photo- 
graphs taken to record stall patterns revealed that tho fabric seal, 
which was used to prevent leakage between the model and the tunnel 
wall, had bulged inward; hence the local velocities near the root 
region were presumably changed. Check tests on tho swept- back wing 
having plasteline to fair the wing contour to the tunnel wall indicated 
that, although the chordwise pressure distribution was distorted by 
the seal, the total load remained the same. The check tests also 

indicated that very little loss in loading was caused by the i-inch 

o 

clearance gap between a part of the wing root and the tunnel wall and 
that a distortion of the Inboard load occurred with a fabric seal 
regardless of whether it bulged into the air stream. 

Span loading .— For the swept— forward wing, a comparison of the 
measured additional loading with the lifting— line loading, as 
calculated from reference 3^ shows very good agreement except near 
the root section where a loss in load is indicated by the test data. 

(See fig. 10(a).) Inasmuch as tho wing had constant camber and no 
geometric twist, theory would indicate a %ero basic loading; however, 
a small basic loading was indicated by the measiurements. This apparent 
basic loading may be caused by construction irregularities, boundary- 
layer effects, and errors in correcting for twist due to load. 

The results for the swept-back wing show a loss in additional load 

near the root similar to that found for the swept— forward wing. This 

loss was not shown by the full-span data of the tests described in 

the appendix, even when the tiuinel wall was sjmuiated by a center plate 

but, since no measurements were made for stations less than 0.10 

b/2 

in that investigation, it is possible that the loss in load occurred but 
was not measured. For highly swept wings, semispan tests may give errors 
in pitching moment about the aerodynamic center because of distortions 
in chordwise loading near the wing root and because of changes in span 
loading caused by tunnel— wall boundary— layer effects. Unpublished data 
of the span loading over a two-dimensional wing ccmplotely spanning a 
tunnel test section indicate that a loss in load of approximately 
5 percent may have been caused at section I by tunnel— wall boundary— 
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layer effects. The present swept— back-wing tests indicate a higher 
outboard loading than is shown by the tests described in the appendix 
or by lifting— line or lifting-surface theory. This apparent discrepancy 
is partly caused by the necessary vertical shift in the load curve to 
obtain a uniform total area even though a loss in load occurs near the 
root. The differences between the two test results are as great as the 
differences between the theoretical curves. The theoretical curves 
approximate the experimental ones within the accuracy necessary for 
engineering calculations. The Induced drag corresponding to the various 
loadings are all very similar as shown in the following table: 


Source 

of span loading 
Present swept— back— wing data 

Appendix test data 

Lifting-line theory . . . . 
Lifting— surface theory . . . 


Induced-drag coefficient caused 
by additional loading 

0.0427Cl^ 

0.0432Cl^ 

0 . 04360^2 

... 0.0429Cl^ 


The difference in the results of the two sets of tests may be 
attributed to differences in tunnel— correction methods, possible 
tunnel— wall boundary— layer effect, changes caused by refinishing 
the model after the tests described in the appendix, the accuracy 
with which a span loading can be determined from pressure measure- 
ments, and differences in air— stream angularity. 

The basic loading computed by lifting— line theory indicates a 
greater load due to geometric twist than is shown by measurements. 


Eleven charact eri stics The variation of elovon hinge moment 
with angle of attack "(fig. 11) shows that, for both wing models, there 
is a large increase in the tendency of the eleven to float with the 
wind at angles of attack above 4°. Stick-force reversal may there- 
fore occur on a tailless swept-wing airplane with elevens having the 
assumed dimensions. 


The thicker boundary layer near the tip, the large trailing— edge 
angle, and the sweep cause a reversal of the Pq^— curves near the 
trailing edge. (See figs. 5 6.) Plain eleven characteristics 

estimated from pressiure integrations thus indicate that small— chord 
elevens on this swept— forward or swept— back wing have a positive 
(See fig. 12.) With an increase in eleven chord, becomes more 

negative, but with an increase in eleven span, Cjj^ changes little. 
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B alance data .— From the force and moment data (fig. 13) ^ i't was 
found that 'the aerodjaiamic center of the swept— f orward wing remained 
at 22.1 percent of the mean aerodyntimic chord for lift coefficients 
up to 0.80 and moved forward for higher lift coefficients. For the 
swept— hack wing, the aerodynamic center remained at 28.2 percent of 
the mean aerodynamic chord for lift coefficients up to 0.28 and moved 
forward for higher lift coefficients. Thus, a syept-hack tailless'' 
airplane of this plan form may become longitudinally unstable at high 
lift coefficients. This characteristic is also shown by the stalling 
patterns of figure 15 . Because of the sweepbackj stalling begins near 
the tip region and progresses inward. Inasmuch as the tip region Is 
behind the moment center, decreases in loading produce more positive 
pitching moments. 

Included in figure 13(b) is a comparison between the lift c\irve 
taken from the data of the tests described in the appendix and the 
present swept— back semispan wing tests. Good agreempnt is shown. 
Pressure integration for wing forces and moments gave results which 
compared very well with balance readings. 

Prof ile— drag characteristics .— As shown in figure 14, the 
measured section profi.le— drag coefficients for the swept— back wing 
are lowest near the center of the wing and increase as the distance 
from the center increases. If the variation in local angle of attack 
caused by wing twist and the spanwise variation in Reynolds n\miber 
were taken into account, an increase in profile drag toward the tip 
vroiild bo expected, but the magnitude of 'the increase shovm by the 
tests indicates an appreciable outflow of the boundary layer . 

Sta.ll natterns .— Figure 3 5 shows that there is an inflow of air 
over the swept— forward wing, causing inboard stall , and an outboard 
flow over the swept— back wing, causing outboard stall. The progression 
of stall shcTO by these diagrams are probo.bly influenced to some extent 
by Jet— bo'cndai'y effects, constriction effects, and mode.l twist. 


CONCLUSIONS 


An investigation has been conducted in the Langley stability 
tunnel on two semispan swopt-wing models, one swept forward 12 
and the other swept back 23° at the quarter-chord line, in order 
to determine the span— load distributions end to compare the experi- 
mental and theoretical results. The full— span swept— back— wing 
model from which the semispan model was made was first tested 
in the Langley propeller— research tunnel in order to check the 
validity of the semispran tests. 
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The results of these tests indicate the following conclusions; 

1 . Although the differences between span loadings determined 
from tests in two wind tunnels were small, they were as great as 
the differences between span loadings determined from a lifting- 
line and lifting-surface theory. The theoretical curves approxi- 
mated the experijnental ones within the accuracy required for 
engineering calculations. 

2 . A small loss in load, presumably caused by the tunnel— wall 
boundary layer, occurred near the root for both semispan wings. 
Because of this loss in load and because of distortions in the chord- 
wise loading near the root, seraispan tests of highly swept wings may 
give errors in pitching moment. 

3. The aerodynamic center of both semispan wings moved forward 
at high lift coefficients. A tailless swept-wing airplane, similar 
to the wing used for these tests, may therefore become longitudinally 
unstable at high lift coefficients. 

Profile— drag measurements indicated an appreciable outflow 
of tho boundary layer on the swept— back wing. 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va., August 8, 19^6 
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APPENDIX 

WIND-TUNNEL INVESTIGATION OF THE LOAD DISTEIBUnON ON A lULL- 

SPAN SWEPT-BACK-WING MODEL 
By Carl A. Sandahl 


Because several semispan wings that were large with respect to 
the tunnel throat were to be tested, and because of the possibility 
that a tunnel— wall boundary layer would affect the span loading, one 
of the models was tested in a larger tunnel to obtain data which 
could be compared with the semispan data to show possible changes 
caused by testing methods. This preliminary investigation was 
conducted in the 20-foot Langley propeller— research tunnel with a 
10,1-foot full-span swept-haclM/ing snodel. Tests were made with 
and without a center^plate spoiler arrangement attached to the wing 
in the plane of symmetry. A spoiler deflection which simulated the 
boundary— layer displacement thickness for the semispan tests was 
used. A photograph of the test arrangement is shown in figure I6. 

The left panel of the wing model was completely refinished and 
equipped with an additional rov; of orifices 1 inch from the model 
center line for the swept-back wing semispan tests. 

The testa in the Langley propeller-research tunnel were run at 
approximately 100 miles per hour, which corresponds to a Eeynolds 
nmber based oil the mean aerodyivamic chord of I.30 x 10^. The wing 
angle of attack and the drag coefficients were corrected for jet- 
boundary interference; the variation in Jet— boundary induced angle 
across the span was sma.ll enough to be neglected. A determination 
of the section profile drag was made frcan wake profiles at a number 
of spanwise stations 20 percent of the local wing chord behind the 
trailing edge. 

The span loadings for the wing alone and for the wing equipped 
with center plate and spoiler were deteimiined for various angles 
of attack. It was found that the spoiler extension which most 
closely simulated the boundary layer for the semispan tests had very 
little effect on the basic or additional— load distribution. It is 
noted that no pressure measurements were imi.de on the inboard 10 percent 
of the span and that the load curve was extrapolated to zero slope 
at the center of the wing. 
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(a) Swept-forward wing. Front view. 

Figure S.- View of sweptwing models in the 6- by 6-foot 
section of the Langley stability tunnel. 
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( d ) Swept-back wing. Rear view. 
Figure 2.- Concluded. 
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Figure 3.- Measured chordwise pressure distributions over a swe pt- forward -wi n g model. 
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Figure 4.- Measured chordwise pressure distributions over swe pt-back-wing model. 


NACA TN No. 1351 Fig. 4a 




0 0 0 
O .^0 .40 .60 .60 /.OO 

C/7ordw/je /oca f/ or? , x/c 


(a) Concluded. 


Figure 4.- Continued. 


Fig. 4a cone, NACA TN No. 1351 


Pressure coeff/c/ent, P 



0 .20 .40 .60 .SO /.OO national advisory 

COMMITTEE FO* AERONAUTICS 

C/?ordw/se /ocaf/on ^ x/c 

(b) a, 0.2°: q, 98.3 pounds per square foot. 

Figure 4.- Continued. 


NACA TN No. 1351 Fig. 4b 



Pressure coeff/c^enf^ P 



0 .20 .40 .60 .80 /.OO 

C/?orc/w/se focaf/or? ^ r/c 


NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 


(b) Concluded. 
Figure 4.- Continued. 


Fig. 4b cone. NACA TN No. 1351 



0 .£0 .40 


.60 .60 100 

C/?ordw/je /ocafmn , x/c 


NATIONAL ADVISORY 
COMMITTEE FO* AEHONAUTICS 


(c) a, 5.4°; q, 98.3 pounds per square foot, 


Figure 4.- Continued. 


NACA TN No. 1351 Fig. 4c 


Pressure coefficient y P 



C/?orcfw/je focaf/on j 

( c ) Concluded . 
Figure 4.- Continued. 


Fig. 4c cone. NACA TN No. 1351 



0 ,£0 .40 .60 .80 100 national ADVISORY 

COMMITTEE FOft AERONAUTICS 

Chord w/se /ocaf/on ^ r/c 

( d ) a, 9.8; q, 39.7 pounds per square foot. 

Figure 4.- Continued. 


NACA TN No. 1351 Fig. 4d 



0 


.ZO .40 


.60 .60 /.OO 

Chordw/Je /ocahon ^ x/c 


NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 


( d ) Concluded . 
Figure 4.- Continued. 


Fig. 4d cone. NACA TN No. 1351 


Pressure coefficient , P 



COMMITTEE FOI AEMNAUTICS 


Cforctie/se focaf/on ^ r/c 

(e) a, 16.3°; q, 39.7 pounds per square foot. 
Figure 4.- Continued. 


NACA TN No. 1351 Fig. 4e 


Fig. 4e cone. 


NACA TN No. 1351 



to 

o 

>- p 
^ 3 

0 2 

55 o 

•> flC 

1 ^ 


< 

Z ui 
g Ui 



I 

^ § 

00 








Q) 



^ ^ ^u9/o/jjdOD djnmj^ 


Pressure coefficient , P 



COMMITTEE FOI AERONAUTICS 


Cfordw/se focahon j r/c 

(f) a, 21.4°; q, 39.7 pounds per square foot. 
Figure 4.- Continued. 


NACA TN No. 1351 Fig. 4f 



Fig. 4f cone. 


NACA TN No. 1351 



(/> 

u 

a 3 

O z 
o 
^ S 


< 

Z ui 
O 

ii 


§ 


% 

*N 


• 

T3 

(D 


• 

:3 

$ 

T3 

«-H 


CD 

O 

^ ■ 

T3 

:3 

r-H 

O 

c 

c 

0 
o 

1 

1 

o 

o 




CD 

1 


U 

D 

bo 

•H 










^ ^ IU9/DIJJP0J s>jnS'S'dJ^ 


Pressure d/sfnbut/on parameters , Pqt and AP/d 


NACA TN No. 1351 


Fig. 5a 



O .20 .40 .60 .80 /.OO 

C/^ordw/se /ocat/on ^ x/c 
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Figure 5.- Curves for determining pressure distribution 
over the swept-f orward wing tested. 
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Figure 6.- Curves for determining pressure distribution 
over the swept-back wing tested. 
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Figure 7.- Results obtained f om integration of 
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Figure 8.- Results obtained from integration of 
section pressure distributions of swept-back 
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(b) Pitching-moment-coefficient curves for various sections. 
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(a) Swept- forward wing. 

Figure 9.- Span loading diagreims for the swept-wing models. 
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(b) Swept-back wing. 

Figure 10.- Comparison of computed and test curves of basic 
and additional spaji loading. 



/^//7^e -/no/De/?/' c.oeff/c/e/?/' 


Fig. 11 


NACA TN No. 1351 


Devor? / 




S 



0 


-.04 


:08 


:!Z 


0 -/6 


zJ6 






















/ 

— aemn / ff 








Q 

-Ct— 

/ 7 ogged sg'/r)bo/s JS- 7 
^ Unf/aaoed jvmbo/i 66 .J 





J 





Ja 

JJi 


f-bhrw/nr /4 \ 

W// 7 i 













7 * ^ 



























-4 















\ 













1 R— 

__ 


t 














■ 

r 

V 

j 




V, 








f 








v\ 








(b)Jwepf-bacA w/ng. 


















\ 



i 

L_ 



i 












) 

1 .— 

t 




















-4 0 4 6/1/6 

A / r 11 / ^ ^ ^ NATIONAL ADVISORY 

0/ G/tCLCk y OC y committee fo# aeronautics 


^0 Z4 

NATIONAL ADVISORY 


Figure 11.- Variation of elevon hinge-moment coefficient 

with angle of attack. 


Os i/on hinge-mome/7f parameter , Cp 


NACA TN No. 1351 


Fig. 12a 



(a) Swept-forward wing. 

Figure 12-- Variation of elevon hinge-moment parameter, 
Cv, , with elevon location. 
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(a) Swept- forward wing. 

Figure 13.- Force and moment coefficient data 
for the swept-wing models. 
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Figure 13.- Concluded. 
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Figure 14.- Spanwise variation of section profile-drag coefficient for the 

swept- back wing. 
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(a) Swept- forward wing. 


Figure 15.- Stall patterns of the swept-wing models. 
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